Alumina FE (fibrous powder containing no sodium) and alumina FF (fibrous fine particles with small bulk density) were synthesized, and their surfaces and catalytic properties were studied. Both fibrillar aluminas were found to have high acid strengths and large amounts of oxidizing and reducing sites compared with gibbsite aluminas. For the isomerization of 1-butene, only Al2O3 FF showed no decrease in activity, and the selectivity (the ratio of cis-2-butene to trans-2-butene) was 1.6. In the reaction of propylene oxide, Al2O3 FE produced a larger amount of propion aldehyde compared with a gibbsite. On the other hand, Al2O3 FE predominantly formed ketone in the reaction of 1-methylcyclohexene oxide, while AlO 3 FF formed allyl alcohol predominantly. For the alkylation of phenol with methanol, Al 2O3 FF was more active than Al2O3 FE, and it formed a larger amount of anisole than an activated alumina. For the hydrocracking of thiophene, MoO3 CoO mounted on a fibrillar Al2O3 was much more active than the same catalyst mounted on Al2O3 prepared by homogeneous precipitation.
Introduction
A fibrillar alumina was once synthesized by Bugosh et al.1) However, no study has been made on its catalytic activity. Recently, we have succeeded in synthesizing two different kinds of fibrillar aluminas; one containing no sodium and the other having a small bulk density. In the present paper, the catalytic activities of these two aluminas for isomerization of butene and of epoxides, alkylation of phenol, and hydrocracking of thiophene are reported together with the surface properties such as acidity and their oxidizing-reducing ability.
Experimental

Preparation
of Aluminas Al2O3 FE was prepared by mixing 130g of an aqueous solution of aluminum sulfate (8% as alumina) and 120g of urea in 1l of water and heating the mixture in a steam bath for 12hr. After the reaction, the precipitate was washed with aqueous ammonia until no sulfate ions were detected.
Al2O3 FE was prepared by mixing 89g of sodium aluminate and 100ml of ethylene chlorohydrin in 1l of water and heating the mixture over a steam bath for 10hr. The precipitate was similarly washed as above.
Three other aluminas used for comparison were commercial activated alumina from gibbsite, "heterogeneo us alumina"
and "homogeneous alumina". The commercial alumina were purchased from Nishio Industries Co., Ltd. (Kat-6). The "heterogeneous alumina" was prepared from aqueous aluminum sulfate (0.5 moll) by precipitation with aqueous ammonia. The precipitate was aged over a steam bath for 12 hr followed by washing with distilled water untill no anions were detected. The "homogeneous alumina" was also prepared from aluminum sulfate. A mixed solution of aliminum sulfate (0.5mol) and urea (1mol) in 1l of distilled water was heated over a steam bath for 12hr. Aluminum hydroxide precipitated when urea was decomposed to give ammonia and carbon dioxide. The precipitate was washed as above.
The sodium content in alumina was determined by flame photospectroscopy after the sample was dissolved in hydrochloric acid.
Electron
Microscopy, X-Ray Diffraction, Surface Area, and Bulk Density Electron micrographs of the samples which were suspended in distilled water and dispersed supersonically for 5 min were taken by the transmission method using a Nihon Denshi JEM-T7S type electromicroscope. Accelerating voltage was 60kV and magnification 40,000X.
X-Ray powder diffraction diagrams were recorded with a Rigaku Denki X-ray diffractoSpecific surface area was measured by the BET method of nitrogen adsorption at liquid notrogen temperature.
Bulk density was measured for powdered samples in a 20ml measuring cylinder. A sample was made compact by tapping the bottom of the cylinder so that the top surface of the sample did not collapse when the measuring cylinder was laid down.
Acidity Measurement
Acidity was measured by titration with butylamine in benzene by using a series of Hammett indicators2). Hammett indicators used were dimethyl yellow (pKa=3.3), benzeneazodiphenylamine (pKa=1.5), dicinnamal acetone (pKa=-3.0), and benzalacetophenone (pKa= -5 .6).
Oxidizing and Reducing Abilities
The cation radicals of perylene and the anion radicals of m-dinitrobenzene which were formed by adsorption on aluminas were observed by X-band ESR spectra. The amounts of the radicals were obtained from the measurements obtained from the double integration of the derivative spectrum by use of Mn2+ in MgO and DPPH as standards. Perylene and m-dinitrobenzene were adsorbed from their benzene solutions.
Reaction Procedure
The isomerization reaction of 1-butene was analyzed by gas chromatography with a 5-m column of 30% dimethylfluoride on alumina. Rearrangement of propylene oxide was carried The levele of acidity at various acid strengths of the fibrous aluminas are shown in Table  1 , where that of a gibbsite is also given for comparison.
Apparently, Al2O3 FF showed the highest level of acidity. The amount of perylene cation radicals formed on Al2O3 FE increased with rise in evacuation temperature and was much larger than that of Kat-6 as shown in Fig. 3 . The amount of m-dinitrobenzene anion radicals formed on Al2O3 FE also increased with increasing evacuation temperature and was larger than that of Kat-6 (Fig. 4) .
Catalytic Activity and Selectivity
The time course of isomerization of 1-butene is shown in Fig. 5 . Both Al2O3 FE and FF were much less active than heterogeneous Al2O3. However, it was characteristic of Al2O3 FF that its activity did not decrease. The ratios of cis-2-butene to trans-2-butene were 1.28, 1.60, and 1.75 for Al2O3 FE, Al2O3 FF, and heterogeneous Al2O3 respectively.
For the rearrangement of propylene oxide, Al2O3 FE was much more active than Kat-6. The selectivity for the formation of propion aldehyde was higher than that of Kat-6 (Table 2) . For the rearrangement of propylene oxide, A12O3 FE was much more active than Kat-6. The selectivity for the formation of propion aldehyde was higher than that of Kat-6 (Table 2) .
For the rearrangement of 1-methylcyclohexene oxide, Al2O3 FF and Kat-6 predominantly produced allyl alcohols, whereas Al2O3 FE preferentially produced the ketones (Table 3) .
In Table 4 are listed the results of alkylation of phenol with methanol. The reaction occurred faster over Al2O3 FF and gibbsite than over Al2O3 FE. The selectivity for the formation of o-cresol was higher over Al2O3 FE than over Al2O3 FF, though the selectivity of Al2O3 FE was lower than that of Kat-6. For the hydrocracking of thiophene, MoO3-CoO-Al2O3 prepared from Al2O3 FE showed 64% conversion, which was higher than the 13% conversion observed for homogeneous Al2O3 as shown in 
